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(54) METHOD OF PRODUCING BEARING RACEWAY MEMBER 



(57) At least a race (1c) of a blank (B) for forming a 
bearing raceway member is hardened by heating. The 
race (1c) thus hardened by heating is finished to prede- 
termined precisions. Subsequently, the race (1 c) is roller 
burnished for hardening the race (1c). The blank (B) is 
formed from a steel for bearing manufacture or a carbon 
steel for machine structural use. The blank (B) formed 
from the steel for bearing manufacture is subjected to 
the roller burnishing, thereby achieving a hardness of 
HRC65 or more at a surface of the race (1c), and a cent- 
er-line average roughness Ra of 0.1 u.m or less at the 
surface of the race (1c). The blank (B) formed from the 
carbon steel for machine structural use is hardened by 
the roller burnishing, thereby achieving a hardness of 
Hv800 or more at depth of at least 0.2mm from a surface 
of the race (1c). Where cutting by turning is adopted as 
the finishing process, the surface of the race (1c) is fin- 
ished to a center-line average roughness Ra of 0.35u.m 
or more and then the race (1c) is subjected to the roller 
burnishing, thereby achieving a center-line average 
roughness Ra of 0.25u.m or less and a compressive re- 
sidual stress of 1000MPa or more at depth of at least 
0.2mm from the surface thereof. Where cutting by turn- 
ing or grinding is adopted as the finishing process, the 
race (1c) is subjected to the roller burnishing, thereby 
achieving a center-line average roughness Ra of 
0.1 5p.m or less at the surface thereof and a compressive 
residual stress of 1000MPa or more at depth of at least 



0.2mm form the surface thereof. 



FIG. 2 
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Description 

Technical Field 

[0001] The present invention relates to a method for 
manufacturing a bearing race member constituting a 
roller bearing or a spider joint (cross joint). 

Background Art 

[0002] As to a roller bearing for use in a clean oil or 
an oil contaminated with foreign substances (extrane- 
ous matter), or in grease lubrication, it is a common 
practice to subject a raceway member (race) thereof to 
a surface heat-treatment/hardening process, such as 
carburizing, nitriding or induction hardening, in order to 
extend the service life of a race thereof (see, for exam- 
ple, Japanese Unexamined Patent Publication No. 
5-195070). For the purpose of increasing the longevity 
of the bearing used in the clean oil, in particular, various 
attempts have been made to increase the strength of 
the race by decreasing a content of a non-metal inclu- 
sion in the material, adding an alloy component or the 
like (see, for example, Japanese Unexamined Patent 
Publication No.2002-220638). However, all of the afore- 
mentioned measures have a drawback of increasing the 
manufacture costs of the roller bearing. 
[0003] Steels for bearing manufacture, such as bear- 
ing steels and carburized steels, have been used as a 
common material for the raceway member of the roller 
bearing. However, the steel for bearing manufacture is 
so expensive that the manufacture cost of the roller 
bearing is high. On this account, some bearing manu- 
facturers adopt a method wherein the raceway member 
is formed from a relatively less expensive carbon steel 
for machine structural use, such as JIS-S45C and 
JIS-S55C. In this case, however, the race is inferior in 
the quenched hardness as compared with that of the 
steel for bearing manufacture, failing to achieve a suffi- 
cient fatigue strength. Hence, the raceway member suf- 
fers a short service life. 

[0004] In some medium- or large-sized roller bearings 
having an outside diameter of 240mm or more, on the 
other hand, a blank for raceway member is heat-treated 
and then, the race is finished to predetermined preci- 
sions by turning rather than by grinding. In this case, 
however, the resultant race has such a great surface 
roughness (e.g., a center-line average roughness Ra of 
0.35um or more) that the race inevitably encounters 
boundary lubrication at its contact portion with a rolling 
element. Furthermore, the race is subjected to the 
heavy cutting process, which involves a potential risk of 
producing tensile residual stress at the race. Therefore, 
if the race is used in contact with the rolling element at 
high surface contact pressure, the race is more suscep- 
tible to premature flaking. In an attempt at further im- 
proving thefinished surface (e.g., Ra>0.2um) of the race 
formed by the aforesaid cutting process, the cutting con- 



ditions may be loosened (the race cut relatively lightly) 
or otherwise, the finished surface may be subjected to 
rough grinding. Such approaches also encounter the 
aforementioned problems. 
5 [0005] In view of the foregoing, the invention has been 
accomplished and has an object to provide a method for 
manufacturing a bearing raceway member, which can 
extend the service life of the bearing raceway member 
at low costs. 

10 

Disclosure of the Invention 

[0006] According to a first aspect of the invention, a 
method for manufacturing a bearing raceway member 

15 comprises the steps of: working a material for producing 
a blank for forming a bearing raceway member having 
an annular race; hardening by heating at least the race 
of the blank; finishing the race of the blank hardened by 
heating to predetermined precisions; and roller burnish- 

20 ing the finished race thereby hardening the race, and is 
characterized in that a steel for bearing manufacture is 
used as the material, and that the race is subjected to 
the roller burnishing, thereby achieving a hardness of 
HRC65 or more at a surface thereof and a center-line 

25 average roughness Ra of 0.1u,m or less at the surface 
thereof. 

[0007] According to the first aspect of the invention, 
the surface of the race has the hardness of HRC65 or 
more and the center-line average roughness Ra of 

30 0.1 urn or less. Because of these features coupled with 
a fact that the roller burnishing produces compressive 
residual stress in the race, the race can be increased in 
the fatigue strength. Hence, the service life of a roller 
bearing can be extended at low costs. 

35 [0008] According to the first aspect of the invention, it 
is preferred that the roller burnished race has a com- 
pressive residual stress of 1000MPa or more at depth 
of at least 0.1 5mm from the surface thereof. In this case, 
the fatigue strength of the race can be increased more 

40 effectively. 

[0009] According to the first aspect of the invention, it 
is preferred that the race is hardened by the roller bur- 
nishing, thereby achieving a hardness of HRC60 or 
more at depth of at least 0.2mm from the surface there- 

45 of. In this case, the fatigue strength of the race can be 
increased even more effectively. 

[0010] According to a second aspect of the invention, 
a method for manufacturing a bearing raceway member 
comprises the steps of: working a material for producing 

so a blank for forming a bearing raceway member having 
an annular race; hardening by heating at least the race 
of the blank; finishing the race of the blank hardened by 
heating to predetermined precisions; and roller burnish- 
ing the finished race thereby hardening the race, and is 

55 characterized in that a carbon steel for machine struc- 
tural use is used as the material, and that the race is 
hardened by the roller burnishing, thereby achieving a 
hardness of Hv800 or more at depth of at least 0.2mm 



2 



BNSDOCID: <EP 1505306A1 .!_> 



3 



EP 1 505 306 A1 



4 



from the surface thereof. 

[0011] According to the second aspect of the inven- 
tion, the race of the raceway member is subjected to the 
roller burnishing so as to achieve the hardness of Hv800 
or more at depth of at least 0.2mm from the surface 
thereof. Thus, the roller burnishing produces compres- 
sive residual stress in the race. Because of this features 
coupled with an improved surface roughness of the 
race, the raceway member can achieve a higher fatigue 
strength than the conventional product which is not roller 
burnished. Thus is extended the service life of the race- 
way member. 

[0012] According to the second aspect of the inven- 
tion, it is preferred to use a steel having a carbon content 
of 0.42wt% or more as the carbon steel for machine 
structural use. In this case, the raceway member can 
exhibit fatigue strength substantially comparable to that 
of the conventional raceway member formed from the 
bearing steel. 

[0013] According to the second aspect of the inven- 
tion, it is preferred that the race is subjected to the roller 
burnishing, thereby achieving a compressive residual 
stress of 800MPa or more at depth of at least 0.15mm 
from the surface thereof. In this case, the raceway mem- 
ber of the invention can be increased in the fatigue 
strength more effectively as compared with the conven- 
tional products. 

[0014] According to a third aspect of the invention, a 
method for manufacturing a bearing raceway member 
for use under a condition that the raceway member is in 
contact with a rolling element at a maximum contact sur- 
face pressure of 300MPa or more, comprises the steps 
of: working a material for producing a blank for forming 
a bearing raceway member having an annular race; 
hardening by heating at least the race of the blank; fin- 
ishing the race of the blank hardened by heating to pre- 
determined precisions; and roller burnishing the finished 
race thereby hardening the race, and is characterized 
in that the finishing process comprises turning a surface 
of the race to a center-line average roughness Ra of 
0.35u.m or more, and that the race is subjected to the 
roller burnishing, thereby achieving a center-line aver- 
age roughness Ra of 0.25u.m or less at the surface 
thereof, and a compressive residual stress of 1 0OOMPa 
or more at depth of at least 0.2mm from the surface 
thereof. 

[0015] According to the third aspect of the invention, 
the surface of the race is roller burnished so as to 
achieve the center-line average roughness Ra of 
0.25fxm or less. Hence, the raceway member is adapted 
to maintain a favorable lubrication between the race and 
the rolling element even if the raceway member is used 
under the condition that the raceway member is in con- 
tact with the rolling element at the maximum contact sur- 
face pressure of 300MPa or more. Furthermore, the 
race has the compressive residual stress of 1000MPa 
or more at depth of at least 0.2mm from the surface 
thereof. This eliminates a potential risk of the race sus- 



taining tensile residual stress. Thus, the service life of 
the bearing raceway member can be extended. 
[0016] According to a fourth aspect of the invention, 
a method for manufacturing a bearing raceway member 

s for use under a condition that the raceway member is in 
contact with a rolling element at a maximum contact sur- 
face pressure of 300MPa or more, comprises the steps 
of: working a material for producing a blank for forming 
a bearing raceway member having an annular race; 

10 hardening by heating at least the race of the blank; fin- 
ishing the race of the blank hardened by heating to pre- 
determined precisions; and roller burnishing the finished 
race thereby hardening the race, and is characterized 
in that the finishing process comprises turning or grind- 

15 jng a surface of the race to a center-line average rough- 
ness Ra of 0.35ujti or more, and that the race is sub- 
jected to the roller burnishing, thereby achieving a cent- 
er-line average roughness Ra of 0.15uxn or less at the 
surface thereof, and a compressive residual stress of 

20 lOOOMPa or more at depth of at least 0.2mm from the 
surface thereof. 

[0017] According to the method for manufacturing the 
bearing raceway member, the surface of the race is roll- 
er burnished so as to achieve the center-line average 

25 roughness Ra of 0.15pm or less. Hence, the raceway 
member is adapted to maintain a favorable lubrication 
between the race and the rolling element even if the 
raceway member is used under the condition that the 
raceway member is in contact with the rolling element 

30 at the maximum contact surface pressure of 300MPa or 
more. Furthermore, the race has the compressive resid- 
ual stress of 1000MPa or more at depth of at least 
0.2mm from the surface thereof. This eliminates the po- 
tential risk of the race sustaining tensile residual stress. 

35 Thus, the service life of the bearing raceway member 
can be extended. 

[0018] According to the third or fourth aspect of the 
invention, it is preferred that the race is hardened by the 
roller burnishing, thereby achieving a hardness of 
40 Hv700 or more at depth of at least 0.2mm from the sur- 
face thereof. Thus, the fatigue strength of the race can 
be increased effectively. 

Brief Description of the Drawings 

45 

[0019] 

FIG.1 is a sectional view showing a roller bearing 
fabricated using a method for manufacturing a bear- 
so jng raceway member according to a first embodi- 
ment of the invention; 

FIG. 2 is a group of diagrams showing the steps of 
the method for manufacturing the bearing raceway 
member according to the first embodiment of the 
55 invention; 

FIG. 3 is a graphical representation of measurement 
results of the hardness of an inner race of the roller 
bearing as determined at individual depths from a 
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surface of the inner race; 

FIG. 4 is a graphical representation of measurement 
results of the compressive residual stress of the in- 
ner race of the roller bearing as determined at indi- 
vidual depths from the surface of the inner race; 
FIG. 5 is a group of diagrams showing the steps of 
a method for manufacturing a bearing raceway 
member according to a second embodiment of the 
invention; 

FIG. 6 is a graphical representation of measurement 
results of the hardness of an inner race of a roller 
bearing as determined at individual depths from a 
surface of the inner race, the roller bearing fabricat- 
ed using the manufacturing method according to 
the second embodiment hereof; 
FIG. 7 is a graphical representation of measurement 
results of the compressive residual stress of the in- 
ner race of the roller bearing as determined at indi- 
vidual depths from the surface of the inner race, the 
roller bearing fabricated using the manufacturing 
method according to the second embodiment here- 
of; 

FIG. 8 is a group of diagrams showing the steps of 
a method for manufacturing a bearing raceway 
member according to a third embodiment of the in- 
vention; 

FIG. 9 is a graphical representation of measurement 
results of the compressive residual stress of an in- 
ner race of a roller bearing as determined at indi- 
vidual depths from the surface of the inner race, the 
roller bearing fabricated using the manufacturing 
method according to the third embodiment hereof; 
and 

FIG. 10 is a graphical representation of measure- 
ment results of the hardness of the inner race of the 
roller bearing as determined at individual depths 
from the surface of the inner race, the roller bearing 
fabricated using the manufacturing method accord- 
ing to the third embodiment hereof. 

40 

Best Modes for Carrying Out the Invention 
First Embodiment 

[0020] A roller bearing shown in FIG.1 is fabricated 45 
using a method for manufacturing a bearing raceway 
member according to the invention. The roller bearing 
is arranged such that a plurality of balls 3 as a rolling 
element are interposed between an inner ring 1 and an 
outer ring 2 as raceway members coaxially arranged, so 
and that the individual balls 3 are retained at equal 
space intervals by means of a cage 4. The inner ring 1 
and the outer ring 2 are formed from a bearing steel, 
such as SUJ-2 (JIS Standards), which is hardened by 
heat treatment. Annular races 1c, 2c of the rings have 5t 
a surface hardness of HRC65 or more, and a center-line 
average surface roughness Ra of 0.1 u.m or less. The 
races 1c, 2c have a compressive residual stress of 



1000MPa or more at depth of at least 0.15mm from the 
surfaces thereof, and a hardness of HRC60 or more at 
depth of at least 0.2mm from the surfaces thereof. 
[0021] The inner ring 1 of the roller bearing is manu- 
factured as follows. First, an annular material A (see 
FJG.2(a)) is cut by turning whereby an end face 1a, an 
outer periphery 1b, the race 1c } an inner periphery 1d 
and the like are formed into predetermined shapes, re- 
spectively (see FIG.2(b)). Next, a blank B thus shaped 
by turning is subjected to a so-called bulk heat treatment 
so as to be hardened to a hardness of say HRC60 to 
HRC63 (see FIG.2(c)). Thereafter, the end faces 1 a, the 
race 1c and the inner periphery 1d of the blank 3 thus 
heat treated are finished by grinding to predetermined 
precisions (see FIG.2(d)). 

[0022] When the grinding process is completed, a sur- 
face of the race 1c is roller burnished (see FIG.2(e)). 
The roller burnishing is accomplished by moving a mir- 
ror-surfaced ceramic ball C along an axial sectionalface 
of the race 1 c as holding the ball in rolling contact there- 
with, the ball pressed against the race 1c with high pres- 
sure. In the roller burnishing process, burnishing condi- 
tions including the burnish amount, the pressure to be 
applied and the like are so selected as to allow the race 
1c to achieve a hardness of HRC65 or more; a center- 
line average surface roughness Ra of 0.1 |xm or less; a 
compressive residual stress of 1000MPa or more at 
depth of at least 0.15mm from the surface thereof; and 
a hardness of H RC60 or more at depth of at least 0.2mm 
from the surface thereof. 

[0023] FIG.3 is a graphical representation of meas- 
urement results of the hardness of the race 1c as deter- 
mined at individual depths from the surface thereof after 
the aforementioned roller burnishing process. For com- 
parison purpose, the figure also shows measurement 
results of the hardness of the race un-subjected to the 
roller burnishing and those of a race finished by turning 
and then shot peened. 

[0024] As apparent from FIG.3, the roller burnished 
race 1c achieves a hardness of Hv840 (HRC65.3) or 
more at its portion nearthe surface. In addition, the race 
1 c achieves a hardness of Hv700 (HRC60.1 ) or more at 
depth of at least 0.2mm from the surface thereof. Thus, 
the race 1 c is dramatically increased in the hardness at 
the 0.2 mm-depth thereof as compared with the race un- 
subjected to the roller burnishing or the race subjected 
to the shot peening. 

[0025] FIG.4 is a graphical representation of meas- 
urement results of the compressive residual stress of 
the race 1c as determined at individual depths from the 
surface thereof . Forcomparison purpose, thef igure also 
shows measurement results of the compressive resid- 
ual stress of the race un-subjected to the roller burnish- 
ing and those of the race finished by grinding and then 
shot peened. As apparent from FIG.4, the roller bur- 
nished race 1c has the compressive residual stress of 
1000MPa or more at depths of 0.1mm to 0.2mm from 
its surface and besides, is hardened by burnishing to a 
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point roughty twice as deep as a point to which the shot 
peened race is hardened. 

[0026] A method for manufacturing the outer ring 2 is 
essentially the same as the aforementioned manufac- 
turing method for the inner ring 1 . The roller burnishing 
of the race 2c of the outer ring 2 is also performed the 
same way as that of the inner ring 1 . That is, after the 
blank B is heat treated, the race 2c is finished by grinding 
and then is roller burnished. 

[0027] The inner ring 1 and the outer ring 2 thus man- 
ufactured can achieve the increased fatigue strengths 
of the races 1 c, 2c thereof, because the races 1 c : 2c are 
subjected to the roller burnishing, thereby attaining the 
compressive residual stress therein and also achieving 
the surface hardness of HRC65 or more and the center- 
line average surface roughness Ra of 0.1 ujti or less. Ac- 
cording to the embodiment, in particular, the races 1c, 
2c have the compressive residual stress of 1 0OOMPa or 
more at depth of at least 0.15mm from their surfaces 
and hence, the fatigue strength of the races 1c, 2c can 
be increased more effectively. Furthermore, the races 
1 c, 2c have the hardness of HRC60 or more at depth of 
at least 0.2mm from the surface thereof, so that the fa- 
tigue strength of the races 1 c, 2c can be increased even 
more effectively. Therefore, the service life of the roller 
bearing assembled with the aforesaid inner ring 1 and 
outer ring 2 may be dramatically extended as compared 
with that of the conventional products. Specifically, a life 
test was conducted on each of the aforesaid inner ring 
1 and outer ring 2 assembled in a bearing of a type 
number JIS-6206. The sample bearing was tested in 
both a clean oil and a contaminated oil (foreign-sub- 
stance containing oil) under the following conditions. 
The test results indicate that the bearing tested in the 
clean oil exhibits a service life three times as long as 
that of the conventional products formed from a bearing 
steel, and that the bearing tested in the contaminated 
oil exhibits a service life twice as long as that of the con- 
ventional products. In addition, what is required is to 
subject the races 1c, 2c to the roller burnishing, which 
requires a nominal cost. 

<Life Test Conditions> 

[0028] 

(1 ) Life tester: KS Radial Life Load Tester 

(2) Radial load: 9709 N/brg 

(3) Number of rotation: 1800 rpm 

(4) Lubrication: #10 turbine oil bath 

(5) Oil temperature: natural temperature rise (to 
about 85°C) 

(6) Test scheme: 2 setsx 5 times, test on a sudden- 
death basis 

[0029] While the above embodiment uses the bearing 
steel as a material for the inner ring 1 and the outer ring 
2, the material is not limited to this. The invention may 



also be practiced using any other steel for bearing man- 
ufacture such as carburized steel. In the above roller 
bearing, only the race of either one of the inner ring 1 
and the outer ring 2 may be subjected to the roller bur- 
5 nishing according to the conditions under which the roll- 
er bearing is used. 

Second Embodiment 

10 [0030] FIG.5 is a group of diagrams showing the steps 
of a method for manufacturing a bearing raceway mem- 
ber according to a second embodiment of the invention . 
The figure illustrates a case where the manufacturing 
method is applied to the inner ring 1 of the roller bearing. 

15 First, an annular material A (see FIG. 5(a)) formed from 
JIS-S55C or a carbon steel for machine structural use 
is cut by turning whereby an end face 1 a, an outer pe- 
riphery 1b, a race 1c, an inner periphery 1d and the like 
are formed into predetermined shapes, respectively 

20 (see FIG.5(b)). Next, a blank B thus shaped by cutting 
is subjected to a so-called bulk heat treatment so as to 
be hardened to a hardness of HRC55 or so (see FIG.5 
(c)). Thereafter, the end faces 1a, the race 1c and the 
inner periphery 1d of the blank B thus heat treated are 

25 finished by grinding to predetermined precisions (see 
FIG.5(d)). 

[0031] When the process of finishing by grinding is 
completed, a surface of the race 1c is roller burnished 
(see FIG. 5(e)). The roller burnishing is accomplished by 

30 moving the mirror-surfaced ceramic ball C along an axial 
sectional face of the race 1c as holding the ball in rolling 
contact therewith, the ball pressed against the race 1c 
with high pressure. In the roller burnishing process, bur- 
nishing conditions including the burnish amount, the 

35 pressure to be applied and the like are so selected as 
to allow the race 1c to achieve a hardness of Hv800 or 
more at depth of at least 0.2mm from the surface there- 
of; a compressive residual stress of 800MPa or more at 
depth of at least 0.15mm from the surface thereof or 

40 more preferably a compressive residual stress of 
800MPa or more at depth of at least 0.2mm from the 
surface thereof. 

[0032] FIG.6 is a graphical representation of meas- 
urement results of the hardness of the race 1c as deter- 

45 mined at individual depths from the surface thereof after 
the aforementioned roller burnishing process. FIG. 7 is 
a graphical representation of measurement results of 
the compressive residual stress of the race 1c as deter- 
mined at individual depths from the surface thereof. For 

so comparison purpose, the figures also show measure- 
ment results of a race induction hardened, and those of 
a race shot peened. As apparent from FIG.6, the roller 
burnished race 1 c is much harder than the induction 
hardened product and the shot peened product, as 

55 achieving the hardness of Hv800 or more at depth of at 
least 0.2mm from its surface. As apparent from FIG. 7, 
the above race 1c has the compressive residual stress 
of 800MPa or more at depth of at least 0.15mm from its 



5 



BMSDOCID: <EP 1505306A1_I_> 



9 



EP 1 505 306 A1 



10 



surface and besides, is hardened by burnishing to a 
point roughly twice as deep as a point to which the shot 
peened race is hardened. 

[0033] In addition, the surface roughness of the race 
1c can be decreased by the roller burnishing. The 
present inventors have confirmed from the test that the 
maximum surface roughness (Rmax) of the race can be 
decreased to 1/2 or less of the pre-process surface 
roughness thereof. 

[0034] The inner ring 1 manufactured by the afore- 
mentioned method has its race 1c hardened by the roller 
burnishing so as to achieve the hardness of Hv800 or 
more at depth of at least 0.2mm from the surface there- 
of. Because of the increased hardness coupled with the 
decreased surface roughness of the race 1c, the race 
1c can be increased in the fatigue strength more effec- 
tively than the conventional products which are not roller 
burnished. According to the embodiment, in particular, 
the race 1c may be increased in the fatigue strength 
even more effectively because the race 1 c has the com- 
pressive residual stress of 800MPa or more at depth of 
at least 0.1 5mm from its surface. Hence, a deep groove 
ball bearing assembled with the above inner ring 1 can 
achieve a dramatically increased service life as com- 
pared with that of the conventional products. Specifical- 
ly, a life test was conducted on the aforesaid inner ring 
1 used as an inner ring of the bearing of the type number 
JIS-6206. The sample bearing was tested in the clean 
oil. The test results demonstrate that the sample bearing 
exhibits a service life substantially comparable to that of 
a bearing of the same type number which is formed from 
a bearing steel (SUJ-2). 

[0035] A variety of carbon steels for machine structur- 
al use are usable as the material for forming the raceway 
member according to the embodiment. Particularly, in a 
case where a carbon steel having a carbon content of 
0.42wt% or more, such as S45C, S50C and S55C ac- 
cording to the JIS Standards, is used as the material, 
the resultant bearing can achieve a service life substan- 
tially comparable to that of a roller bearing formed from 
a steel for bearing manufacture such as a bearing steel 
or carburized steel. On the other hand, the aforesaid 
blank B may also be hardened by induction hardening. 
In this case, what is required is to harden at least the 
race 1c by heat treatment. 

Third Embodiment 



[0036] FIG. 8 is a group of diagrams showing the steps 
of a method for manufacturing a bearing raceway mem- 
ber according to still another embodiment of the inven- 
tion. The figure illustrates a case where the manufactur- 
ing method is applied to an inner ring 1 of a roller bearing 
used under a condition that the inner ring 1 is in contact 
with the rolling element at a maximum surface pressure 
of 300MPa or more. First, an annular material A (see 
FIG. 8(a)) formed from a case hardening steel (steel for 
carburizing) (equivalent to SAE4320) is cut by turning 



whereby an end face 1a, an outer periphery 1b, a race 
1c, an inner periphery 1d and the like are formed into 
predetermined shapes, respectively (see FIG. 8(b)). 
Subsequently, a blank B thus shaped by cutting is sub- 
5 jected to a heat treatment including carburizing and 
quenching so as to be hardened to a surface hardness 
of say HRC60 or more (see FIG.8(c)). Thereafter, the 
end faces 1 a, the race 1 c and the inner periphery 1 d of 
the blank B thus heat treated are finished by turning to 
10 predetermined precisions (see FlG.8(d)). This turning 
process is performed the same way as the conventional 
process. Hence, the race 1c has a center-line average 
surface roughness Ra of 0.35ujn or more. Incidentally, 
the end faces 1 a and the inner periphery 1 d of the blank 
15 B may also be finished by grinding. 

[0037] When the finishing process is completed, the 
surface of the race 1 c is roller burnished (see FIG. 8(e)). 
The roller burnishing is accomplished by moving the mir- 
ror-surfaced ceramic ball C along an axial sectional face 
20 of the race 1c as holding the ball in rolling contact there- 
with, the ball pressed against the race 1c with high pres- 
sure. In the roller burnishing process, burnishing condi- 
tions including the burnish amount, the pressure to be 
applied and the like are so selected as to allow the race 
25 1c to achieve a center-line average surface roughness 
Ra of 0.25^im or less; a compressive residual stress of 
1000MPa or more at depth of at least 0.2mm from the 
surface thereof; and a hardness of Hv700 or more at 
depth of at least 0.2mm from the surface thereof. 
30 [0038] FIG.9 is a graphical representation of meas- 
urement results of the compressive residual stress of 
the roller burnished race 1c as determined at individual 
depths from the surface thereof. For comparison pur- 
pose, the figure also shows measurement results of the 
35 compressive residual stress of the race un-subjected to 
the roller burnishing and those of a race finished by turn- 
ing and then shot peened. 

[0039] As apparent from FIG.9, the roller burnished 
race 1c has the compressive residual stress of 
40 lOOOMPa or more at depth of at least 0.2mm from its 
surface and besides, is hardened by burnishing to a 
point roughly twice as deep as a point to which the shot 
peened product is hardened. 

[0040] FIG.1 0 is a graphical representation of meas- 
45 urement results of the hardness of the roller burnished 
race 1 c as determined at individual depths from the sur- 
face thereof. For comparison purpose, the figure also 
shows measurement results the race un-subjected to 
the roller burnishing and those of the race finished by 
so turning and then shot peened. 

[0041 ] As apparent from FIG. 1 0, the roller burnished 
race 1c is much harder than the race un-subjected to 
the roller burnishing and the shot peened product, as 
achieving the hardness of Hv700 or more at depth of at 
55 least 0.2mm from its surface. Thus, the race 1 c is effec- 
tively increased in the fatigue strength. 
[0042] In the inner ring 1 manufactured in the afore- 
mentioned manner, the race 1c has its surface rough- 
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ness decreased to the center-line average roughness 
Ra of 0.25|im or less by the roller burnishing. Therefore, 
when used under the condition that the surface of the 
race 1c is in contact with balls as the rolling element at 
the maximum contact pressure of 300MPa or more, the 5 
inner ring 1 is capable of maintaining a favorable lubri- 
cation between the race and the balls. Furthermore, the 
inner ring has the compressive residual stress of 
1000MPa or more at depth of at least 0.2mm from the 
surface of the race 1 c. This eliminates a potential risk of 10 
occurrence of tensile residual stress at the surface of 
the race 1c. Because of these advantages coupled with 
the fact that the race 1c is hardened to some depth by 
the roller burnishing, a ball bearing assembled with the 
aforesaid inner ring 1 is dramatically increased in the is 
service life as compared with the conventional products. 
Specifically, a life test was conducted on the aforesaid 
inner ring 1 used as an inner ring of the bearing of the 
type number JIS-6206. The sample bearing was tested 
under a contact surface pressure of 350MPa. The test 20 
results demonstrate that the sample bearing exhibits a 
service life roughly 3.5 times the service life of the con- 
ventional products. 

Fourth Embodiment 25 

[0043] In the third embodiment, the race 1c of the 
blank B hardened by heating is finished by turning to the 
predetermined precisions. Alternatively, the turning 
process may be replaced by rough grinding or the con- 30 
dition of the turning process may be loosened so that 
the race 1c may have a center-line average surface 
roughness Ra of 0.2ujti or more. In this case, the race 
1c is finished and then, the surface thereof is roller bur- 
nished the same way as in the foregoing whereby the 35 
race 1 c has a center-line average surface roughness Ra 
of 0.15u.m or less; a compressive residual stress of 
1000MPa or more at depth of at least 0.2mm from the 
surface thereof; and a hardness of Hv700 or more at 
depth of at least 0.2mm from the surface thereof. As to 40 
this embodiment, as well, it is confirmed that the bearing 
can be increased in the service life just as in the fore- 
going embodiments. 

[0044] While the third and fourth embodiments use 
the carburized steel as the material for the raceway 45 
member, the material is not limited to this. The invention 
may also be practiced using a bearing steel such as 
SUJ-2. On the other hand, the blank may also be hard- 
ened by induction hardening. In this case, what is re- 
quired is to harden at least the race by heating and so 
quenching. 

[0045] The second to fourth embodiments illustrate 
the cases where the roller burnishing is performed on 
only the inner ring which tends to suffer a short service 
life because of a severe contact condition. In any of the 55 
above embodiments, as a matter of course, the manu- 
facturing method of invention is applicable not only to 
the inner ring of the roller bearing but also to the outer 



ring thereof. 

[0046] In any of the foregoing embodiments, the in- 
vention may preferably be applied to a manufacturing 
method of a variety of bearing raceway members includ- 
ing the race, which are used under high pressure con- 
ditions and which include, for example, a cross shaft as 
an inner ring of a spider joint for use in a drive shaft for 
steel machines, a cup as an outer ring of the spider joint, 
and the like. 



Claims 

1. A method for manufacturing a bearing raceway 
member comprising the steps of: 

working a material for producing a blank for 
forming a bearing raceway member having an 
annular race; 

hardening by heating at least the race of said 
blank; 

finishing the race of said blank hardened by 
heating to predetermined precisions; and 
roller burnishing said finished race thereby 
hardening the race, 

wherein a steel for bearing manufacture is 
used as said material, and 

wherein the race is subjected to said roller 
burnishing, thereby achieving a hardness of HRC65 
or more at a surface thereof and a center-line aver- 
age roughness Ra of 0.1 jxm or less at the surface 
thereof. 

2. A method for manufacturing a bearing raceway 
member according to Claim 1 , wherein the race 
subjected to said roller burnishing has a compres- 
sive residual stress of 1000MPa or more at depth 
of at least 0.1 5mm from the surface thereof. 

3. A method for manufacturing a bearing raceway 
member according to Claim 1 , wherein the race is 
hardened by said roller burnishing, thereby achiev- 
ing a hardness of HRC60 or more at depth of at least 
0.2mm from the surface thereof. 

4. A method for manufacturing a bearing raceway 
member comprising the steps of: 

working a material for producing a blank for 
forming a bearing raceway member having an 
annular race; 

hardening by heating at least the race of said 
blank; 

finishing the race of said blank hardened by 
heating to predetermined precisions; and 
roller burnishing said finished race thereby 
hardening the race, 
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wherein a carbon steel for machine structural 
use is used as said material, and 

wherein the race is hardened by said roller 
burnishing, thereby achieving a hardness of Hv800 
or more at depth of at least 0.2mm from the surface 
thereof. 

5. A method for manufacturing a bearing raceway 
member according to Claim 4, wherein a steel hav- 
ing a carbon content of 0.42wt% or more is used as 
said carbon steel for machine structural use. 

6. A method for manufacturing a bearing raceway 
member according to Claim 4, wherein the race is 
subjected to said roller burnishing, thereby achiev- 
ing a compressive residual stress of 800MPa or 
more at depth of at least 0.15mm from the surface 
thereof. 

7. A method for manufacturing a bearing raceway 
member for use under a condition that the raceway 
member is in contact with a rolling element at a max- 
imum contact surface pressure of 300MPa or more, 
comprising the steps of: 

working a material for producing a blank for 
forming a bearing raceway member having an 
annular race; 

hardening by heating at least the race of said 
blank; 

finishing the race of said blank hardened by 
heating to predetermined precisions; and 
roller burnishing said finished race thereby 
hardening the race, 

wherein said finishing process comprises cut- 
ting by turning a surface of said race to a center-line 
average roughness Ra of 0.35u.m or more, and 

wherein said race is subjected to said roller 
burnishing, thereby achieving a center-line average 
roughness Ra of 0.25fim or less at the surface 
thereof, and a compressive residual stress of 
1000MPa or more at depth of at least 0.2mm from 
the surface thereof. 

8. A method for manufacturing a bearing raceway 
member for use under a condition that the raceway 
member is in contact with a rolling element at a max- 
imum contact surface pressure of 300MPa or more, 
comprising the steps of: 

working a material for producing a blank for 
forming a bearing raceway member having an 
annular race; 

hardening by heating at least the race of said 
blank; 

finishing the race of said blank hardened by 
heating to predetermined precisions; and 



roller burnishing said finished race thereby 
hardening the race, 

wherein said finishing process comprises cut- 
5 ting by turning or grinding a surface of the race to a 

center-line average roughness Ra of 0.35ujti or 
more, and 

wherein the race is subjected to said roller 
burnishing, thereby achieving a center- line average 
10 roughness Ra of 0.15ujti or less at the surface 
thereof, and a compressive residual stress of 
1 0OOMPa or more at depth of at least 0.2mm from 
the surface thereof. 

15 9. A method for manufacturing a bearing raceway 
member according to Claim 7 or 8, wherein the race 
is hardened by said roller burnishing, thereby 
achieving a hardness of Hv700 or more at depth of 
at least 0.2mm from the surface thereof. 

20 
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